Cardiac hypertrophy in rats after supravalvular aortic constriction. I. Size and number of cardiomyocytes, endothelial and interstitial cells.
The ascending aorta of 22 adult male Sprague-Dawley rats was constricted with a silver ring, and 25 animals were subjected to a sham-operation. The hearts, including the main arteries, were fixed by retrograde perfusion 3, 7, 14, 21 and 35 days after the operation. The cross-sectional area of the aorta was reduced by the constriction to an average of 20% of the values found after sham-operation. Twenty-one days after the constriction the weight of the left ventricular myocardium including the septum was increased 1.7-fold compared with controls. No further increase in weight was observed 35 days after the operation. The relative volumes of the tissue components remained largely constant in the subepicardial myocardium. In the subendocardial myocardium, however, the volume fraction of interstitial and, to a lesser extent, of endothelial tissue was significantly increased. Twenty-one days after constriction the estimated total volumes of the different myocardial components per left ventricle were increased 1.7-fold for heart muscle parenchyma, 1.8-fold for endothelial tissue, 2.9-fold for interstitial tissue, and 1.3-fold for capillary lumina compared with controls. At 35 days, only the interstitial tissue showed a further increase to 4.8-fold of control values. The mean cardiomyocyte volume was increased after aortic constriction in proportion to the increase in left ventricular weight, i.e. 1.7-fold over controls at 21 days. After 35 days its value was 29,500 +/- 790 micron 3 in rats subjected to aortic constriction compared with 16,800 +/- 640 micron 3 in controls. At this time the estimated number of cardiomyocytes per left ventricle showed no significant differences between experimental animals (2.9 X 10(7)) and controls (3.1 X 10(7)). Endothelial and interstitial cells were not only increased in average single cell volume (1.3-fold and 2.0-fold, respectively), but also in number per left ventricle (1.4-fold and 2.7-fold, respectively). Two-dimensional parameters indicated that during hypertrophy the capillary supply lagged behind the overall mass increase but achieved control levels on termination of hypertrophic growth at 35 days. These results show that even in pronounced hypertrophy the increase in mass of the myocardial parenchyma in the rat is due exclusively to an enlargement of cardiomyocytes (hypertrophy), whereas in endothelial and interstitial tissues enlargement of cells as well as increase in cell number (hyperplasia) also plays a role.